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CONVERSION FACTORS FOR SOME SI METRIC AND U.S. UNITS OF MEASURE
To convert from To Multiply by Feet (ft) Meters (m) 0.3048
INTRODUCTION
The thick Upper Cretaceous and lower Tertiary sedimentary sequence exposed along the Book and Roan Cliffs in Utah and Colorado records temporal and spatial changes in sedimentology, mineralogy, and subsidence associated with the final phase of foreland basin deposition and the initiation of intermontane basin deposition. Changes in depositional environments, paleodrainage directions, and mineralogy in this sequence within the Utah Book Cliffs west of the Green River document major changes in depositional systems, source areas, and tectonic events during late Campanian time (Lawton, 1986) . East of the Green River, however, this interval thickens and the distribution and lateral relations of stratigraphic units exhibit some differences. We examined part of the Upper Cretaceous and lower Tertiary section east of the Green River to determine if Lawton' s observations persist regionally; to document local stratigraphic variations; and to collect outcrop data on facies distributions, depositional environments, and mineralogy for comparison with similar data obtained in ongoing subsurface studies of this interval. Outcrop data consist of measured sections (pls. 1, 2) at Tusher Canyon, Sego Canyon, Cottonwood Canyon, and Bitter Creek ( fig. 1 ), beginning at or just below the top of the upper Campanian Castlegate Sandstone and extending into the basal Paleocene part of the main body of the Wasatch Formation. Samples were collected from
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the sections and in adjacent areas for petrographic and palynologic analysis. Additional data from previous subsurface studies (Keighin and Fouch, 1981; Pitman, Anders, Fouch, and Nichols, 1986; Anders, 1987, 1988) and outcrop studies (Dickinson and others, 1986; Lawton, 1986; Willis, 1986; Franczyk, 1988) supplement the measured section data. The stratigraphic interval of this study contains abundant energy resources both in outcrop and in the subsurface. The Cretaceous sequence formed as the sea withdrew from Utah and was succeeded by coastal and alluvial plains. The depositional setting of the Sego shoreline controlled the thickness, distribution, and quality of coal beds that occur locally within the overlying coastal-plain deposits of the Neslen Formation. Abundant organic-rich material that occurs throughout the Neslen is a hydrocarbon source in the subsurface (Pitman and others, 1987) . The fluvial Tuscher and Farrer Formations are hydrocarbon reservoirs in the subsurface, and the geometry and internal structure of the reservoir units are directly related to the types of fluvial systems that deposited these units (Pitman and others, 1986) . The Dark Canyon sequence of the Wasatch Formation, the Tertiary unit measured in these sections, is also a local hydrocarbon reservoir (Peterson, 1973; Fouch, 1975) . It was deposited during a brief event prior to the major episode of subsidence in the southeastern Uinta basin, and its distribution and lithologies vary greatly across the study area.
The detailed measured sections presented here, along with Upper Cretaceous and lower Tertiary measured sections along the Book Cliffs west of the Green River (Lawton, 1983) and east of the Utah-Colorado State line (Johnson and others, 1980; Johnson, 1985) , provide a line of regionally extensive outcrop data across the southern Uinta and Piceance basins. These data permit improved regional depositional history synthesis, subsurface correlations, and interpretations of lithology and depositional environment from geophysical well logs.
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METHODS
The sections were measured on well-exposed strata using a Jacob's staff, Abney level, and tape. Offsets in a section were made at formation boundaries or on laterally continuous beds; however, because many of the formations have gradational contacts and most of the nonmarine units have a lenticular geometry, errors involved in offsetting may be as high as 10 percent for an entire section. The thicknesses of sections from the top of the Castlegate Sandstone to the base of the Dark Canyon sequence are in good agreement with thicknesses obtained by Fisher and others (1960) in nearby areas. In the Tusher Canyon area our section is 1,690 ft (515 m), as compared to 1,485 ft (453 m) for the section of Fisher and others; in the Sego Canyon area our section is 2,055 ft (626 m), as compared to 2,039 ft (621 m); and in the Cottonwood Canyon area our section is 2,065 ft (629 m), as compared to 2,070 ft (631 m). The thickness (1,690 ft, 515 m) of our Cretaceous section at Tusher Canyon is significantly different from that (2,536 ft, 773 m) measured by Lawton (1983) in the same area.
Rock types, relative resistance to weathering, dominant grain size, primary sedimentary structures, and accessory constituents are displayed for each section (pls. 1, 2). Abrupt versus gradational grain-size changes are the best indicators of the type of contact between depositional units. Colors of dominantly fine grained rock were recorded locally throughout a section using a Rock-Color Chart (Goddard and others, 1963) . Colors are useful in distinguishing the relative abundance of preserved organic material and the relative degree of oxidation. An arrow and associated number in the accessory column show the average mean vector of paleocurrent measurements, obtained from both trough crossbed axes and steeply dipping foresets of trough crossbeds, and the number of measurements from that unit. In some intervals, especially through the Tuscher Formation and the upper part of the Farrer Formation, only a few paleocurrent readings were obtained because sheer, flat, stained, and mud-coated cliff faces restricted good three-dimensional exposures and obscured sedimentary structures.
Sandstone samples were collected from each section for petrographic analysis to determine stratigraphic and geographic compositional differences. For regional comparison, samples also were collected at other localities. Individual thin sections were impregnated with blue-dyed epoxy to reveal porosity and were stained with combined alizarin red-S and potassium ferricyanide to differentiate iron-bearing from iron-free calcite and with sodium cobaltinitrite to distinguish potassium-rich from sodium-rich feldspar. Modal analyses for each sample were obtained by counting 300 grains per thin section; the resulting mineralogic compositions are summarized graphically (pls. 1, 2), and mean compositions for individual formations are shown in compositional differences between units that reflect tectonic events and changes in source areas. Minor compositional variations within a formation can be attributed to differences in sorting and to stratigraphic position; the coarser grained, basal part of a channel sandstone contains more dark-colored grains than the finer grained, middle to upper parts.
Age data are sparse from the Tuscher Formation, the Dark Canyon sequence of the Wasatch Formation, and the main body of the Wasatch Formation in the study area; therefore, these units were the principal ones sampled in the measured sections for palynological study. Additional samples of the uppermost Cretaceous and lower Tertiary units in the eastern part of the Uinta basin include material from outcrop sections along the Book Cliffs in Utah and from cores from the east-central part of the basin. Productive samples from outcrops of the Tuscher Formation include those from Bryson Canyon (USGS paleobotany locality D6873, sec. 36, T. 16 S., R. 24 E.), Dark Canyon (D6301, T. 17 S., R. 23 E.), Jim Canyon (D6754, sec. 11, T. 16S., R. 25 E.), Nash Canyon (D6299-A, D6299-C, sec. 18, T. 19 S., R. 21 E.), and Sego Canyon (D6297, D6757). The Dark Canyon sequence yielded productive samples at Dark Canyon (D6300), Sego Canyon (D6298), Tuscher Canyon (D6867), and Cottonwood Wash (D6872). The undifferentiated Tuscher and Farrer Formations and the Neslen Formation were also sampled from cores in the Natural Buttes (D6192) and Southman Canyon (D5929) fields in the Uinta basin. Preliminary results of studies of some of these and other outcrop samples are reported in Fouch and Cashion (1979) and Fouch and others (1983) ; the palynology of cores from the Natural Buttes field (sec. 15, T. 10 S., R. 22 E.) is discussed in Pitman, Anders, Fouch, and Nichols (1986) and Pitman, Franczyk, and Anders (1987) . Cores from the Southman Canyon field (sec. 24, T. 10 S., R. 23 E.) are described by Keighin and Fouch (1981) , but palynological data are not included in that report. Interpretations of palynostratigraphic relations of outcrop and subsurface sections presented in this report are new.
NOMENCLATURAL HISTORY
Because of numerous regional facies changes, Fisher and others (1960) used different stratigraphic nomenclature for the Cretaceous sequence along the Book Cliffs west of the Green River, east of the Green River to the Utah-Colorado State line, and in Colorado.
We use the nomenclature of Fisher and others (1960) for Utah east of the Green River, as modified by Fouch and others (1983) and (fig. 2 ).
Although Fisher (1936) Keighin and Fouch (1981) , difficult to distinguish, especially in the subsurface. The contact between the coal-bearing Neslen and the sandier, less carbonaceous Farrer is usually readily identifiable, although its stratigraphic position is regionally variable. The major difficulty is defining the Tuscher and distinguishing it from the Farrer. 15 m) (fig. 3 ). Using this terminology locally is advantageous because of the interval's distinct outcrop appearance and because of its implications in marking changes in basin depositional patterns. East of the Sego Canyon area, the character of this interval begins to change: more fine-grained material and fewer thick sandstone units are present. Willis (1986) noted that within the Sego Canyon 7-1/2' quadrangle map the two formations are difficult to distinguish, and he mapped a questionable contact between them. We draw a questionable Farrer-Tuscher contact at the fig. 2) . In their measured sections, Fisher and others (1960) described a conglomerate and conglomeratic sandstone that at some locations is placed at the base of the Wasatch Formation but in other locations is included within the Tuscher Formation. Fouch and Cashion (1979) first referred to this conglomerate sequence as the "beds at Dark Canyon" in a subsurface cross section and, based on palynological data, assigned it a Paleocene age. Later it was referred to as the "conglomerate at Dark Canyon" (Keighin and Fouch, 1981) or the "conglomerate beds at Dark Canyon" (Fouch and others, 1983) . Because of its lithologic diversity, (Gill and Hail, 1975) .
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Evolution of Sedimentary Basins-Uinta and Piceance Basins
A sample of coal from the Neslen Formation in outcrop (locality D6338; Fouch and others, 1983) is characterized primarily by long-ranging spore taxa derived from the local swamp flora. The only biostratigraphically significant form reported was Proteacidites sp., angiosperm pollen broadly indicative of Senonian (Coniacian through Maastrichtian) age. The Neslen in the subsurface was cored in the Natural Buttes (Pitman and others, 1987) and Southman Canyon gas fields, and a more diverse palynomorph assemblage was recovered from these samples. For age determination, the most useful taxa in this assemblage are Aquilapollenites trialatus, Erdtmanipollis sp., Mancicorpus calvus, and Siberiapollis montanensis. Collectively, these species and the others present in the Neslen in the subsurface are indicative of a middle late Campanian age, equivalent to that of the Judith River Formation of Montana. They suggest the presence of the Siberiapollis montanensis subzone of the Aquilapollenites quadrilobus Interval Zone of Nichols and others (1982) .
A palynomorph assemblage, resembling that of the Judith River Formation, recovered from the Farrer and Tuscher Formations at several localities along the Book Cliffs in Utah (Fouch and others, 1983 ; this study) indicates a middle late Campanian age for these units in outcrop. Table 2 
Brevicolporites colpella Anderson
Pandaniidites typicus (Norton) Sweet Chenopodipollis sp.
Rhoipites sp.
Cupuliferoidaepollenites sp.
Tilia vescipites Wodehouse Momipites dilatus (Fairchild) Nichols
Retitrescolpites anguloiwninosus (Anderson) Frederiksen
Momipites inaequalis Anderson
Retitrescolpites sp.
Momipites leffingwellii Nichols and Ott
Triporopollenites spp. Fouch and others (1983) indicate that some of these beds could be as young as late Paleocene, but the locality in question (D5961-A) is stratigraphically above the Dark Canyon sequence. As reported by Franczyk and
Momipites tenuipolus Anderson
N8
Evolution of Sedimentary Basins-Uinta and Piceance Basins , the basal Tertiary unit in the area of the shown by Fouch and others (1983, fig. 3 ) from late Paleocene to late early Paleocene in age. Few palynological data are available with which to date the Wasatch Formation in the Book Cliffs of Utah. As mentioned above, a sample from locality D5961-A at the head of Dark Canyon was determined to be from the basal part of main body of the Wasatch in that area. Palynomorphs recovered, especially the pollen species Caryapollenites veripites Nichols and Ott, indicate a late Paleocene age. On that basis, a hiatus involving perhaps 6 million years or more may be present in that area between the Dark Canyon sequence and the main body of the Wasatch Formation.
SEDIMENTOLOGY AND DEPOSITIONAL HISTORY
Buck Tongue of the Mancos Shale
The Buck Tongue consists of an upwardcoarsening sequence of interbedded, medium-to darkgray sandstone and siltstone and lesser amounts of mudstone. It has a sharp, abrupt lower contact with the Castlegate Sandstone and a gradational upper contact with the Sego Sandstone. Measured sections place the lower contact directly above the ledge-forming Castlegate Sandstone (pls. 1, 2). Lawton (1983 Lawton ( , 1986 , at his Green River and Tusher Canyon sections, placed the Castlegate-Buck Tongue contact about 45 ft above the resistant sandstone of the Castlegate at a thin, laterally persistent, hematitic mudstone and siltstone bed that he interpreted to be a paleosol. We did not observe this bed in the measured sections east of Tusher Canyon. The western pinchout of the Buck Tongue is in the Beckwith Plateau area ( fig. 1 ). The Buck Tongue thickens progressively eastward until it merges with the main body of the Mancos Shale east of the State line where the Castlegate Sandstone grades into a slope-forming siltstone sequence within the Mancos.
The Buck Tongue represents deposition during the final incursion of the Cretaceous sea into eastern Utah. The upward-coarsening grain-size trend, the gradational upper contact with the Sego Sandstone, and the types and sequences of sedimentary structures indicate deposition in a shoaling open-marine environment during progradation of the Sego shoreline.
Sego Sandstone
The western pinchout of the Sego Sandstone is in the same vicinity as that of the Buck Tongue. The Sego also thickens eastward within the study area but thins and grades into the Mancos in western Colorado. Using surface and subsurface data, Franczyk (1988) provided a detailed description of lithologic sequences and regional thickness trends in the Sego along the eastern Utah Book Cliffs. The contact of the Sego with the overlying Neslen Formation is generally sharp but conformable and is picked at the top of a thick, cliff-forming sandstone. In the Tusher Canyon section, the top of the Sego is difficult to pick because only a thin part of the sandstone unit weathers to a resistant ledge; however, 130 ft (40 m) of sandstone with only minor siltstone interbeds forms a slope-forming interval above the resistant ledge. Lawton (1983) and Pitman and others (1987) included and described this slope-forming part in the lower part of the Neslen Formation. The well-log response of this slopeforming interval is similar to that of the more typical cliff-forming sections (Franczyk, 1988) ; as a result, this thick, dominantly sandstone interval is considered Sego although its slope-forming weathering character makes it more difficult to place the upper contact in outcrop. For the same reason, a thinner, slope-forming sandstone interval above the cliff-forming sandstone is included in the Sego Sandstone in the Sego Canyon section.
East of the Colorado-Utah State line, the Sego is split into an upper and lower part by the Anchor Mine Tongue of the Mancos Shale (Erdmann, 1934) . Measured sections of Gill and Hail (1975) show the Anchor Mine Tongue extending into eastern Utah; however, subsurface correlations (Franczyk, 1988) from hummocky cross-stratified, horizontally laminated, ripple cross-laminated beds that are slightly to intensively burrowed, to trough cross-stratified beds, and finally to low-angle, parallel-laminated beds. In the Tusher and Sego Canyon sections, especially in the slope-forming intervals, stacked fining-upward sandstone units are generally characterized by currentand waveripple-laminated, planar-laminated, wavy, and flaser beds. These sandstone units also locally contain oystershell beds and thin interbeds of siltstone, mudstone, or carbonaceous shale (fig. 4) . Franczyk (1988) interpreted the upwardcoarsening units as shoreface sequences deposited along a microtidal barrier-island coastline, and the finingupward units as back-barrier tidal-flat, tidal-delta, tidal- Figure 4 . Rare cliff-forming exposure of the thick, dominantly flaser-and wavy-bedded sandstone sequence in the upper part of the Sego Sandstone in the Tusher Canyon area. The arrow points to a bed of disarticulated oyster shells that pinches out into rippled sandstone. The darker gray, less resistant intervals are beds of mudstone or carbonaceous shale interbedded with the sandstone. This interval is interpreted to represent composite tidal flat, marginal flood-tidal delta, and lagoonal deposits. Oyster-shell beds throughout this interval indicate that intertidal conditions were maintained throughout its deposition. channel, and washover deposits locally interbedded with marsh, lagoon, and bay deposits. Lawton (1986) also interpreted tidal flats to lie landward of the Sego shoreline. Willis (1986) , in contrast, interpreted the Sego Sandstone in the Sego Canyon 7-1/2' quadrangle to have been deposited in wave-dominated deltas because he did not interpret any deposits to be of tidal inlet or flood tidal delta origin. Tidal inlets occur but are rare in the Sego. Many of the thick, predominantly ripple laminated, fining-upward sandstone units locally interbedded with oyster-shell beds resemble deposits described from modern and ancient tidal environments (MacKenzie, 1972; Sellwood, 1975; Hayes and Kana, 1976; Reineck and Singh, 1980; Weimer and others, 1982) Deposits described from backshore environments of wavedominated delta systems have different lithofacies distributions and sedimentologic characteristics (Balsley, 1982) .
The interpretation of the Sego shoreline system is difficult. The Sego Sandstone differs significantly from the Blackhawk Formation that Balsley (1982) interpreted as deposits of a wave-dominated delta system. An individual, complete, shoreface sequence may be as thick as 130 ft (40 m) in the Blackhawk (Balsley, 1982) , as compared to a maximum thickness of 90 ft (27 m) in the Sego shoreface sequence. Also, the prograding Blackhawk strandlines formed stable platforms that hosted extensive and persistent marshes recorded in the thick sequences of coal overlying shoreface sandstone. The shoreface sandstone units in the Sego are not associated with coal or carbonaceous shale deposits, even in the Sego Canyon area. Willis (1986) attributed this to lack of establishment of back-swamp conditions during most of the shoreline progradation events; however, even the stratigraphically highest shoreface unit, deposited during the final Sego shoreline progradation, is not overlain by coal. The sequences interpreted here as back-barrier deposits are unusual in that they are much sandier and lack the extensive fine-grained lagoonal deposits that would be expected to form behind a microtidal barrierisland shoreline. The thrust belt to the west provided abundant sand to the Sego shoreline system. Sandy backshore environments could be maintained locally for an extended period of time because the combination of subsidence rate or sea level change and sediment influx resulted in multiple episodes of shoreline advance and retreat within a restricted geographic area. These conditions produced stacked (locally as many as five) partial shoreface sequences. Comparison of both shoreface-sequence thicknesses and regional sandstone body geometries between the Blackhawk and Sego suggests that subsidence rates may have been slightly lower during Sego deposition. Landward of the Sego shorelines, thick backshore deposits accumulated, but the lagoons may have been shallow and frequently infilled by sand because of continual shifts of the shoreline position. The shifting shoreline also prevented the marshes from being maintained long enough to generate thick peat deposits. Additional, very detailed depositional environment reconstruction is needed to resolve the nature of the Sego shoreline system. Fisher (1936) defined the Neslen Formation as the coal-bearing sequence of shale and sandstone above the Sego. The thickness of the Neslen varies because its contact with the overlying Farrer Formation, except where the Bluecastle Tongue of the Castlegate Sandstone occurs, is gradational and is placed where greenish shale and abundant fluvial sandstone beds replace the more carbonaceous Neslen lithologies. In our four measured sections, the thickness of the Neslen ranges from 175 ft (53 m) at the Tusher Canyon section, where the Bluecastle Tongue is present, to 670 ft (204 m) at the Bitter Creek section, where more abundant finegrained material makes the contact difficult to pick.
Neslen Formation
The Neslen shows a regional upward-coarsening pattern. Carbonaceous shale, coal, and organic-rich siltstone and mudstone units are thickest and most abundant in the lower part of the formation; channelform sandstone units increase in abundance in the upper part of the formation. Individual channel-form sandstone units are generally less than 10 ft (3 m) thick and a few hundred feet (tens of meters) wide; stacked units 40 ft (12 m) thick occur locally. Large-scale lateral accretion bedding is prominent in many of these channel-form sandstone units ( fig. 5) . The Neslen is the major coalbearing unit in the eastern Utah Book Cliffs, and Fisher (1936) named four coal zones within this formation. The coal beds, except in a few local areas, are generally thin and discontinuous and contain abundant splits of carbonaceous shale or siltstone. The thickest coal beds are in the Sego Canyon area, and Willis (1986) provided the most detailed, recent description of those beds.
Lithologic assemblages in the Neslen indicate deposition initially in fresh-and brackish-water environments in a lower coastal plain (Franczyk, 1988) . During shoreline progradation, the lower coastal plain was succeeded by an upper coastal plain and lower alluvial plain characterized by small, generally shallow, meandering rivers crossing extensive flood plains (Keighin and Fouch, 1981; Lawton, 1986, Pitman and others, 1987) . The well-developed lateral-accretion bedding associated with these channel deposits is typical of that formed by meandering streams in low-energy fluvial and tidally influenced environments where mud is deposited and preserved on point bars. Smith (1987) noted that, in contrast, lateral-accretion bedding is commonly not as well developed in higher energy, sandrich meandering rivers because mud interbeds are commonly absent. Paleocurrent measurements from the
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fluvial sandstone indicate predominantly eastwardflowing streams. The frequently fluctuating shoreline position, the inherent instability of the lower coastalplain environments, and the channel avulsion and crevasse splay formation in the upper coastal and lower alluvial plain prohibited establishment of stable, longterm peat-forming swamps. In the Sego Canyon area, where coal is best developed, two thick coal beds (the Ballard and the Chesterfield), which are more than 100 ft (30 m) above the base of the Neslen, are interbedded with brackish-water deposits. These coal beds probably formed when the gradient of the coastal plain and clastic influx decreased in response to coastal-plain flooding associated with a widespread transgression (Franczyk, 1988 (1960) . We include an additional 120 ft (37 m) of interbedded channel-form and tabular sandstone and slope-forming sandstone and siltstone in the Bluecastle because most of the sandstone units are mineralogically similar to the basal, quartzose, ledge-forming sandstone. The lower contact of the Farrer Formation was placed at the base of the first laterally persistent, chert-rich sandstone above the highest quartzose sandstone. East of the Tusher Canyon area, the basal ledge-forming part of the Bluecastle separates into thin, isolated sandstone units indistinguishable from the Neslen Formation. Lawton (1986) described the top of the ledge-forming Bluecastle as variably bleached and oxidized and as mineralogically distinct from the overlying sandstone, and he used these observations as evidence for a disconformity at this horizon. We observed, however, a more gradational lithologic change between the ledge-forming, quartz-rich Bluecastle and the base of our chert-rich Farrer Formation.
The fine-to coarse-grained and locally granulebearing channel-form sandstone units in the Bluecastle are characterized by trough cross-stratification that grades into ripple laminations at the top. Thin interbeds of siltstone occur between the sandstone units in the lower part of the sequence and become thicker and more abundant upward. We did not observe large-scale lateralaccretion bedding, but Lawton (1986) reported these structures and interpreted them to represent point-bar deposits formed in sinuous, possibly meandering streams.
The stacked ledge-forming channel units at the base of the member formed by streams migrating extensively across the alluvial plain. A change to more rapid, higher sediment influx possibly combined with a higher regional gradient or a lower subsidence rate could produce this fluvial response. Although planar-crossbed sets indicating deposition on bars within a braided stream are not present, well-developed point-bar sequences are also not present. The streams may have been moderately sinuous, and migration by subsequent channels may have eroded the upper part of underlying channel deposits. Pfaff (1985) placed the meanderbelt facies of the Bluecastle west of the Tusher Canyon area, but the lateral and vertical changes through the Bluecastle in this area indicate that the fluvial system evolved through Bluecastle deposition.
The streams definitely became meandering and migrated less extensively as the alluvial plain graded eastward into the Neslen coastal plain and vertically into the Farrer alluvial plain. Numerous paleocurrent measurements from this sequence (Lawton, 1986) show a northeast through southeast range and a calculated average mean vector direction to the northeast. Paleocurrent measurements from Pfaff (1985) and this study of the Bluecastle at Tusher Canyon also indicate predominantly northeast flow.
Farrer Formation
The thickness of the Farrer Formation, where it is distinguishable from the Tuscher Formation, varies regionally; however, the entire Upper Cretaceous nonmarine section above the Sego thickens progressively eastward from 1,400 ft (427 m) at Tusher Canyon to 1,940 ft (591 m) at Bitter Creek. The tabular geometry and greater abundance of sandstone units, the lesser amount of preserved organic material in the fine-grained units, and the more olive color of the fine-grained units distinguish the Farrer from the underlying Neslen.
Sandstone sequences that have broadly lenticular to tabular or ribbonlike geometries compose about 40-60 percent of the Farrer (fig. 6 ). There is no apparent consistent vertical or regional change in thickness or abundance of these sandstone bodies. Internally, they commonly are composed of two or three stacked channel-form units separated by units of differential weathering that occur along basal scour surfaces where claystone or siltstone rip-up clasts are concentrated. Individual channel-form units range in thickness from less than 10 to 30 ft (3-9 m) and average about 15-20 ft (5-6 m) . The grain size generally decreases slightly upward from dominantly medium and locally coarse grained sandstone to fine-grained sandstone. At the top of many units, medium-or fine-grained sandstone very abruptly changes to siltstone. Internally, the channelform units are dominated by trough cross-stratification that decreases in scale upward. Horizontal laminations are locally present and planar cross-stratification is rare.
Ripple and climbing-ripple laminations occur in the uppermost part of units. The rippled intervals may be thicker than shown on the lithologic columns because the very tops of the units locally weather into a partly covered, slope-forming, apparently structureless sandstone. Soft-sediment deformation structures are abundant and locally occur throughout an entire channel-form unit. Lateral-accretion bedding, which is well developed in the Neslen units, is rarely observed in the Farrer units.
The slope-forming, partly to completely covered intervals between the channel-form units are composed of thinly interbedded sandstone and siltstone, olive-gray siltstone, resistant tabular sandstone, and less abundant dark-brown shale. Root casts, plant impressions, and straight burrows are locally abundant. In well-exposed areas, these lithologies can be observed locally within lenticular, scour-based features. The resistant tabular sandstone units range from less than 1 to 8 ft (0. 3-3 m) in thickness, show an upward-fining or upwardcoarsening grain-size trend or have a consistent grain size throughout, and are dominantly ripple laminated with minor amounts of small-scale trough cross-stratification.
The scour-based, broadly lenticular to tabular sandstone units are channel deposits. The dominance of trough cross-stratification in these units indicates that the channels filled primarily by the accretion of dunes migrating along the channel floor. In the shallower parts of the channels, ripples predominated and flat bedding developed locally (fig. 7) ; during flood events or waning flow conditions, thick sequences of climbing ripple lamination sequences were deposited. The extent of lateral accretion within the channels is uncertain; lateral accretion bedding was rarely observed and definite pointbar sequences were not identified. Channel widths exceeded a few hundred feet, but exact channel dimensions are not known because of scouring by overlying units and slope cover at the margins of many channel units.
The geometry, internal sedimentary structures, and distribution of channel and overbank deposits within the Farrer Formation do not resemble those of anastomosing fluvial systems in which channels fill by vertical accretion (Smith, 1983) . Several factors indicate channels having some degree of sinuosity rather than braided rivers. Sequences of sedimentary structures characteristic of sandy braided rivers, such as abundant planar cross-
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S Figure 7 . Ripple-laminated sandstone characteristic of channel-margin deposits in the Farrer Formation. Softsediment deformation (arrow) is common, and flatbedded sandstone may locally occur. This sandstone grades laterally into dominantly trough cross-stratified sandstone that composes the largest part of the channel deposits. Notebook at edge of photo is 9 in. (23 cm) long.
stratification formed by accretion on transverse bars or thick horizontally stratified beds formed on longitudinal bars (Miall, 1978) , are absent in these channel deposits. The vertical grain-size variation and change in type and scale of sedimentary structures are typical of sinuous streams that accrete laterally. The local, abrupt change in grain size at the top of channel-form sandstone units and the lenticular fine-grained sequences indicate avulsion and infilling of abandoned channels. Lawton (1986) also reported lateral accretion bedding associated with abandoned channel deposits, which possibly suggests partial channel reactivation. The interbedded sandstone and siltstone, siltstone, and mudstone show features typical of levee and flood-plain deposits that flank meandering streams. The fine to very fine grained, ripple-laminated, tabular sandstone beds formed as crevasse splays when channels were breached during flood events. Lawton (1986) and Keighin and Fouch (1981) interpreted the channel-form units in the Farrer to have been deposited by meandering streams, and Willis (1986) interpreted the Farrer fluvial system to be transitional between braided and meandering with meandering-type streams more predominant. Because the thickness of sandstone ledges increases where the Tuscher Formation is readily identifiable in the Green River area, these workers believed that the Farrer streams increased in size through time. Regionally consistent progressive thickening and increase in abundance of sandstone sequences does not occur through the Farrer Formation. Locally, the number of stacked channel units forming a thick sandstone ledge may vary, but generally the average thicknesses of individual channel deposits are constant. This consistency suggests that streams did not significantly vary in size regionally. Lawton (1986) obtained northeasterly through southeasterly paleocurrent directions and calculated an easterly average mean vector using crossbed measurements from his Farrer Formation (corresponding to the lower half to two-thirds of our Farrer) at measured sections east of the Green River. Paleocurrent measurements from our sections show a strong northeasterly trend; the greatest variablity occurs directly above the Bluecastle in the Tusher Canyon area where sandstone units show northwesterly and northerly flow directions.
Tuscher Formation
The top of the Cretaceous sequence in the Green River area is a distinct zone of thick, stacked, sheetlike, cliff-forming sandstone units that we include in the Tuscher Formation ( fig. 3 ). The thickness of these sandstone units distinguishes them from sandstone units in the Farrer Formation. Internally, the Tuscher sandstone bodies are composed of more numerous channel-form units than the Farrer, and locally the Tuscher contains thick, flat-bedded sandstone intervals. The types and sequences of sedimentary structures are generally similar within these sandstone bodies in both formations. Lawton (1986) reported that sandstone bodies in the Tuscher do not show the fining-upward grain-size trend seen in the Farrer; however, erosion of the upper part of a channel deposit by the succeeding channel system would result in a thick sandstone body having no apparent grain size change. A slight finingupward trend is commonly present in the highest channel-form unit, and in areas of good exposure interbedded sandstone and siltstone is locally observed. In most areas, the slope-forming, fine-grained intervals are covered by fallen sandstone blocks and debris from the overlying sandstone bodies. Where the fine-grained intervals are exposed, they exhibit the same characteristics as those in the Farrer.
N14 Evolution of Sedimentary Basins-Ulnta and Piceance Basins
Pebbly sandstone is present in the uppermost part of the Tuscher in outcrops in a very restricted area directly east and west of the Green River (Lawton, 1986 ). We did not observe pebbles in the Tuscher or in the undifferentiated Farrer and Tuscher Formations east of the Tusher Canyon section. Where present, the pebbles increase in abundance both upward and from our Tusher Canyon section westward to the Green River. They are generally concentrated at the bases of troughs but also are scattered through the sandstone (fig. 8) ; Lawton (1986) reported pebbles in lenticular scour-and-fill structures. The pebbles are rounded, have a maximum diameter of 1 in. (2.5 cm), and are composed of gray, black, red, brown, and banded chert; white, gray, and pink quartzite; sandstone; white altered chert; and mudstone. This description corresponds to that of Fisher and others (1960) for pebbles within the Tuscher in their Tusher Canyon section. Although the composition is similar to the pebbles in the Dark Canyon sequence, the pebbles within the Tuscher are much smaller.
The pebbly part of the Tuscher is also distinct from Lawton's (1986) "pebbly beds," which are composed of an erosional-based, white-weathering, western-sourced quartzose sandstone that locally contains small pebbles (<1 in., 2.5 cm, diameter) near the base. The pebbly beds unit locally occurs at the top of the Cretaceous section west of the Green River and is best developed in the Little Park area ( fig. 1 ). It overlies a progressively thicker Cretaceous section to the east of the Little Park area, and Lawton (1986) believed that a slight angular unconformity separates it from the overlying Tertiary sequence. In the Rattlesnake Canyon area ( fig. 1) , a pebbly quartzose sandstone unit is present between more feldspathic, pebbly sandstone beds in the upper 75 ft (23 m) of the Tuscher (Franczyk, unpublished data, 1986) . If this quartzose unit is equivalent to the pebbly beds unit, then the pebbly beds unit was deposited contemporaneously with the uppermost part of the Tuscher Formation in the Green River area. Keighin and Fouch (1981) and Lawton (1986) believed that the meandering fluvial system of the Farrer evolved into a braided-river system during Tuscher deposition. Braided streams typically produce thick, laterally extensive, coarse-grained channel deposits; only minor amounts of fine-grained overbank deposits are preserved. The pebbly part of the Tuscher is distinct from the underlying sequences. The geometry, size, and stacking pattern of the scour-and-fill units and the grainsize distribution most closely fit deposition in a braidedriver system. As discussed in the summary, this pebbly interval may represent a local, discrete depositional episode; however, the similarities between the individual channel deposits within the Farrer and the nonpebbly Tuscher sandstone bodies suggest that the fluvial systems were not too different. The increase in flat-bedded sandstone in the Tuscher units indicates either more sheet-flood events or the establishment of longitudinal bars within the channel. These processes could signal Figure 8 . Aerial photograph of the uppermost part of the Tuscher Formation in the vicinity of the Green River shows dark zones of pebbly sandstone within whiteweathering sandstone. Pebbly sandstone within the Tuscher is restricted to this area and is absent east of Tusher Canyon. Locally in the uppermost part of the Cretaceous sequence, feldspar altered to kaolinite produces this white-weathering appearance. The white sandstone interval is about 75-100 ft (23-30 m) thick.
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1'~*.~~r~~> either more unconfined flow or the breakup of a single channel into a braided channel pattern. If the channel morphology was not significantly different during Farrer and Tuscher deposition, then the Tuscher rivers must have migrated more extensively and eroded more overbank deposits in order to produce the thicker, laterally extensive channel deposits. Meandering fluvial systems can respond in this way if subsidence rates decrease (Allen, 1978) or if aggradation rates are low ( Bridge and Leeder, 1979 ). An expected decrease in subsidence rates near the end of Cretaceous foreland basin deposition appears to have had a most pronounced affect on deposition in the Green River area.
Incipient movement on the San Rafael uplift ( fig.  1 ) may have locally resulted in less subsidence and may explain the restricted development of the thick Tuscher sandstone bodies. The lack of development of a thick, distinct sequence of Tuscher-like sandstone bodies in the upper part of the Cretaceous nonmarine section in the eastern part of the study area ( fig. 9) indicates either that the Farrer meandering fluvial system maintained a more constant rate of aggradation or that subsidence rates did not vary significantly during deposition of the preserved section. Willis (1986) also noted an eastward change in the area of the Sego Canyon 7-1/2' quadrangle in channel-sandstone morphologies that he attributed to a corresponding change from braided to meandering streams. Paleocurrent measurements of the Tuscher Formation from this study and that of Lawton (1986) indicate dominantly northeasterly flow. Downstream equivalents of the thick Tuscher sandstone units therefore would lie in the subsurface of the Uinta basin but would not be exposed in outcrop directly to the east. The entire Bitter Creek nonmarine section is 540 ft (165 m) thicker than that of the Tusher Canyon section; this suggests either higher subsidence rates or less postdepositional erosion in the eastern areas.
Age determinations using palynomorphs are not precise enough to show if the upper part of the nonmarine Cretaceous section is time equivalent across the study area. Unconformities related to sediment erosion and reworking due to rising Laramide uplifts may be present within the uppermost part of the Tuscher in the Green River area. In the southeastern Wasatch Plateau, west-to northwest-flowing, pebbly braided streams record incipient movement of the San Rafael uplift in late Campanian or earliest Maastrichtian time (Franczyk and Nichols, 1988) . Deposition of the pebbly part of the Tuscher in the Green River area may be temporally equivalent to the pebbly, braided-stream deposits to the southwest. An average mean vector of 40, calculated from 147 paleocurrent measurements, was obtained for the upper 150 ft (46 m) of the Tuscher directly east and west of the Green River (Franczyk, unpublished data, 1986 (Franczyk and Hanley, 1987) lie only a few tens of feet (several meters) above the conglomerate.
Where the lacustrine deposits pinch out to the east, the Dark Canyon sequence is abruptly overlain by red siltstone and mudstone or has an erosional contact with a fluvial sandstone. The progressive thinning and younging of the main body of the Wasatch Formation from west to east (Cashion, 1967; Fouch and Cashion, 1979; Fouch and others, 1983) The rock types, textures, sedimentary structures, and geometry of the Dark Canyon sequence indicate deposition on an extensive medial to distal, braided-river alluvial plain Figure 11 . Structural elements and reconstructed drainage patterns in the Uinta basin and adjacent areas during deposition of the Dark Canyon sequence of the Wasatch Formation. Modified from .
gravel-dominated to a sand-dominated braided-river system. Paleocurrent measurements taken on trough axes within conglomeratic sandstone and sandstone show the dominant flow direction was to the northwest, except in the eastern outcrop area where the flow was to the northeast . These directions and the occurrence of the most abundant conglomerate in the western outcrop area correspond to a main fluvial system that flowed parallel with and along the west flank of the Uncompahgre uplift ( fig. 11 ). Northwest drainage in the north-central part of the uplift, obliquely across the Douglas Creek arch ( fig. 11 ), indicates that the west flank of the arch was not positive during Dark Canyon deposition. There is no paleocurrent evidence in outcrops of the preserved Dark Canyon sequence for a major drainage originating from areas to the southwest of the Green River. The San Rafael uplift appears to have controlled the western depositional extent of the sequence but was probably not a major source area. The almost exclusively siliceous Dark Canyon pebble suite indicates that the source rocks were frequently recycled; erosion of pebble-bearing Mesozoic sedimentary rocks from rising Laramide uplifts to the south probably provided much of the sediment. The beginning of deposition of the thick, alluvial, late Paleocene-to Eocene-age main body of the Wasatch Formation that lies above the Dark Canyon sequence marks the onset of intermontane basin subsidence in the southeastern Uinta basin. This subsidence coincides with a major tectonic event in southwestern Colorado that supplied sediment to this alluvial system (Dickinson and others, 1986 ). The regional relations mentioned above and the mollusk and palynomorph assemblages of late Paleocene age recovered from the lower part of the main body of the Wasatch throughout the study area indicate locally a break in deposition of possibly 6 million years following deposition of the Dark Canyon sequence.
MINERALOGY
Distinct mineral facies, based on framework-grain composition, characterize individual formations or groups of formations within the measured interval (figs. 12-15) . The top of the Neslen, or the top of the Bluecastle where present, marks the break between a lithic-rich compositional suite and a feldspar-dominated compositional suite (Lawton, 1986) . The Neslen Formation and Sego Sandstone are similar in composition and consist of sublitharepite and litharenite ( fig. 12 ) that contain abundant detrital quartz, chert, fine-grained sedimentary lithic fragments, and detrital carbonate grains. Both units are typically devoid of feldspar. The Bluecastle Tongue, as defined at the Tusher Canyon section, is a quartzarenite to sublitharenite ( fig. 13) (chert, carbonate, and argillite), and minor metamorphic clasts.
Detrital Constituents
Detrital quartz is ubiquitous in Upper Cretaceous sandstones in the study area and consists of angular to subrounded, monocrystalline grains that are generally unstrained and may contain minute vacuoles, rare inclusions of rutile, and poorly developed overgrowths. The size of individual quartz grains varies within and between individual beds and formations; some units show a bimodal size distribution. Long concave-convex and point contacts between grains are common in many sandstones and indicate varying degrees of compaction.
Both the occurrence and distribution of feldspar vary with stratigraphic position. Feldspar is most abundant in sandstones in the Farrer and Tuscher Formations and is rare to absent in the older units and in the pebbly beds of Lawton (1986) . Sodium and potassium feldspar varieties are distributed in subequal amounts, both as single grains and as constituents in fineto medium-crystalline, volcanic lithic fragments. Potassium feldspar grains consist of twinned and untwinned varieties including rare microcline and abundant orthoclase; the dominant variety of sodium feldspar is plagioclase that exhibits both Carlsbad and albite twinning. Most individual feldspar grains are subangular to subrounded, approximately the size of other detrital constituents, and either are fresh or show the effects of alteration by clay or carbonate replacement. Grains that are partly replaced by calcite or show evidence of dissolution of preexisting calcite are locally widespread. The delicate framework that characterizes many partly dissolved feldspar grains indicates that they underwent leaching after they were transported.
Lithic fragments of diverse origin constitute a large fraction of the detrital mineral assemblage in these Cretaceous sandstone units. Commonly they consist of fine-crystalline polymineralic aggregates that are difficult to classify owing to their fine grain size and variable composition.
Moreover, mechanically unstable fragments, locally abundant in some beds, have been subjected to various degrees of compaction resulting in indistinct grain boundaries that make recognition difficult. Of the clasts that can be readily distinguished, most are similar in size to adjacent sand grains.
Sedimentary rock fragments including sandstone, siltstone, shale, and mudstone are ubiquitous in all units, although they are generally more abundant at the Bitter Creek and Cottonwood Canyon localities. Typically these grains are subrounded to rounded, gray to brown, and fresh to extensively altered. Many fragments display clay-mineral alteration or varying degrees of deformation owing to burial compaction. Chert grains are an abundant sedimentary constituent in many sandstones; Classification scheme from Folk (1980) . 
Matrix and Cement
Matrix material occurs in varying amounts and commonly is difficult to distinguish from the pseudomatrix that results from deformation of unstable lithic fragments between framework grains. Matrix is least abundant in sandstones of the Bluecastle Tongue but constitutes as much as 10 percent in other units. X-ray diffraction analysis indicates that much of the matrix is allogenic clay composed of illite and mixed-layer illitesmectite.
Carbonate cement, typically calcite, occurs in variable amounts in Farrer and Tuscher sandstone beds but is uncommon in the Neslen Formation and Sego Sandstone. The distribution and relative abundance of carbonate is probably related to sandstone composition and, to a lesser extent, to grain size and sorting. Sandstone that is coarse grained and well sorted and contains only minor labile grains and matrix material is most likely to contain authigenic carbonate. In areas where carbonate is widespread, it fills intergranular pores, partly replaces framework grains, and in some cases masks matrix and other interstitial cements. Rocks that have good secondary porosity contain relicts of
Uppermost Cretaceous and Lowermost Tertiary Rocks East of the Green River, Utah N21
carbonate cement in pores that suggest its former presence. Temporally equivalent rocks in the subsurface show the same varieties and distribution patterns of carbonate cement as those on outcrop (Keighin and Fouch, 1981; Pitman, Anders, and others, 1986; Anders, 1987, 1988) .
Secondary quartz generally is rare except in the Bluecastle Tongue, where it locally forms pervasive, subhedral to euhedral, syntaxial overgrowths that have coalesced to form a cement.
Stratigraphic Mineral Distribution
The Sego Sandstone is a litharenite consisting of 45-47 percent quartz, 3-4 percent feldspar, 8-12 percent sedimentary lithic fragments, 4 percent chert, and 6-10 percent matrix. The Neslen Formation has a similar composition; it consists of 44-59 percent quartz (significantly higher than in the overlying Farrer and Tuscher), 6-20 percent sedimentary lithic fragments, 2-10 percent chert, and 3-10 percent matrix. Trace amounts of sodium and potassium feldspar (< 4 percent) are present in the Neslen; individual grains of limestone and dolomite are locally abundant and volcanic grains are generally absent. There is no apparent vertical change in mineral content. Cored sequences of Neslen in the Southman Canyon and Natural Buttes fields in the east-central part of the basin display a quartz and lithic fragments assemblage that is similar in type and abundance (Keighin and Fouch, 1981; Pitman and others, 1987 No significant compositional variation occurs geographically within these two formations. Sandstones from the four measured sections of the Farrer and Tuscher consist of 27-34 percent quartz, 10-12 percent feldspar, and 24-28 percent lithic fragments. The mean quartz content at each of these sections is similar to the amount of quartz reported for stratigraphically equivalent rocks in the subsurface at the Natural Buttes (41 percent; Pitman and others, 1986) and Southman Canyon (32 percent; Keighin and Fouch, 1981) gas fields, and in exposures along Range Creek and the Green River (35 percent; T.F. Lawton, 1988, written commun.) . The quartz content reported for Farrer and Tuscher sandstones in the central part of the Uinta basin in the Wilkin Ridge well (55 percent; Pitman and others, 1988) is greater than in the Book Cliff measured sections. Pitman and others (1988) showed that diagenetic alteration in the Wilkin Ridge well involved extensive replacement of framework feldspar and lithic fragments by authigenic carbonate and sulfate minerals. Replacement of these detrital grains or, in some cases, dissolution of the replacement phase has resulted in quartz percentages that are higher than expected.
The mean abundance of plagioclase in Farrer and Tuscher sandstones at the four measured sections ranges from 1 to 5 percent; the mean abundance of potassium feldspar is slightly higher (6-7 percent) . In sandstones in the subsurface in the central part of the basin, the relative amount of potassium feldspar (<2 percent) is well below the range for stratigraphically equivalent surface samples. Petrographic studies reveal that the low concentrations of detrital feldspar are a result of burial diagenesis involving dissolution of replacement carbonate, extensive clay-mineral alteration, and local albitization (Pitman, Anders, and others, 1986; Pitman, Franczyk, and Anders, 1988) . West of the San Rafael uplift, coeval rocks in the upper Campanian Price River Formation are less feldspathic than stratigraphically equivalent beds in the Farrer and Tuscher Formations to the east (Lawton, 1986; J.K. Pitman, unpublished data, 1988) . In the Price River sandstones, potassium varieties of feldspar are dominant, rock fragments consist of chert and other sedimentary lithic constituents, and the detrital volcanic component is small.
The Farrer and Tuscher Formations show a diverse lithic assemblage consisting of sedimentary rock fragments, a significant volcanic component, and a minor number of metamorphic grains. Detrital carbonate grains are generally absent. The mean abundance of lithic fragments at the four study sites ranges from about 12 to 18 percent, with the highest concentrations at Bitter Creek. These amounts are similar to those reported for stratigraphically equivalent rocks in the subsurface in the Uinta basin (Southman Canyon field, 12 percent, Keighin and Fouch, 1981 ; Natural Buttes field, 18 percent, Pitman, Anders, and others, 1986; Wilkin Ridge well, 10 percent, Pitman, Franczyk, and Anders, 1988) but are slightly less than those reported for sections at Range Creek and along the Green River (21 and 25 percent,
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Evolution of Sedimentary Basins-Uinta and Piceance Basins respectively; T.F. Lawton, written commun., 1988). The higher amounts may reflect differences in visually differentiating pseudomatrix from altered and deformed rock fragments.
Sedimentary rock fragments in the Farrer and
Tuscher consist of shale, siltstone, limestone, and chert. polycrystalline quartz grains increase in abundance with increasing sandstone grain size. Some of these grains may have been derived from a metamorphic source. Lawton's (1986) pebbly beds, which occur discontinuously at the top of the Cretaceous section west of the Green River and locally east of the Green River (but not as far east as our measured sections), are sublitharenites and litharenites ( fig. 16 ) similar in composition to rocks of the Sego, Neslen, and Bluecastle. In contrast to the rocks they overlie, the pebbly beds are virtually devoid of feldspar. They contain abundant chertand quartz-rich detritus that is bimodal in grain size, angular, and commonly poorly sorted. Polycrystalline quartz grains are particularly abundant, and many of the small grains were probably derived from larger polycrystalline quartz grains. The sandstone mineralogy and paleocurrent trends in this unit indicate a source from older recycled Cretaceous rocks to the west (Lawton, 1986) or from the thrust belt. The upper lower Paleocene Dark Canyon sequence of the Wasatch Formation contains the same abundance and distribution of grain types as the older Farrer and Tuscher Formations (figs. 14, 15) . Southerly equivalents of these feldspar-bearing Cretaceous units provided the sand-sized sediment as they were eroded from Laramide uplifts. 
SUMMARY
The Upper Cretaceous sequence along the Book and Roan Cliffs, from the Buck Tongue of the Mancos Shale through the Tuscher Formation, was deposited during a 4-5-million-year period from early late to middle late Campanian time. During this time, the Cretaceous sea retreated from eastern Utah for the last time and marine and coastal-plain environments were succeeded by alluvial-plain environments. The source area in the thrust belt that supplied quartz-and lithic-rich sediments to the area of study shifted to the south and southwest, from which igneous and volcanic rocks contributed feldspathic-rich sediment, and subsidence in this part of the foreland basin slowed and finally ceased.
The presence of an early Maastrichtian-age part of the undifferentiated Farrer and Tuscher Formations farther north in the subsurface of the present-day Uinta basin indicates either that deposition continued there for a slightly longer time, or that less erosion occurred, or that fossils of this age were not preserved along the outcrop. Deposition of the Buck Tongue of the Mancos Shale and the Sego Sandstone records the final retreat of the Cretaceous sea from east-central Utah. The stacking pattern of the Sego shoreface and backshore deposits and the lack of coal beds above foreshore deposits distinguish the Sego from most other Cretaceous marginal-marine sequences in Utah. Interaction of the rates of subsidence, clastic influx, and sea-level rise resulted in frequent migration of the Sego shoreline, and thick deposits associated with a single progradational event did not accumulate. Partial shoreface sequences therefore are stacked in the eastern part of the study area, whereas sand-dominated backshore sequences are stacked in the western part of the study area. Many of the backshore sequences show characteristics of tidally influenced deposition. Because regional tidal ranges in the Western Interior epicontinental Cretaceous seaway are estimated to be in the microtidal range (Slater, 1985) and because abundant tidal-inlet deposits were not observed in the Sego, a microtidal barrier-island coastline is postulated for much of the Sego in Utah. Extensive lagoons were not established, possibly because of both the frequent shoreline fluctuations and the sand-dominated back- (Lawton, 1986 (Lawton, 1986) . The Farrer rivers were larger and probably less sinuous than those of the Neslen. The dominance of trough cross-stratification within the Farrer channel sandstone units indicates that channels filled by accretion of sinuous-crested dunes migrating along the channel floor. The extent of point-bar lateral accretion is unknown because lateral-accretion bedding is rare on outcrops, probably owing to lack of development or preservation of clay drapes. The Farrer channel sandstone units do not exhibit the characteristics of braided river deposits, and the abandoned channel and overbank deposits are typical of those of a sinuous fluvial system. Keighin and Fouch (1981) and Lawton (1986) believed that evolution of Farrer rivers from meandering to braided resulted in the thick, stacked channel-fill sequences of the Tuscher Formation. Except for the very local occurrence in the Green River area of a pebbly sandstone interval that shows characteristics of braidedriver deposition at the top of the Tuscher, the internal structure of the Tuscher channel units is generally similar to that in the Farrer. The Tuscher Formation is distinguishable only in the western part of the study area, and as it loses its identity to the east the undifferentiated Lawton's (1986) pebbly beds is interbedded with pebbly feldspathic sandstone at the top of the Tuscher near the Green River. This relationship suggests that the pebbly beds 
